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POLISH DECREE ON AREAS VITAL TO NATIONAL DEFENSE

Item 3kl - Decree of 6 September 1951

In accordance with Article b of the Constitutional law, dated 19 February
1947, on the organization and competence of the supreme authorities of the
Republic of Polani, and in accordance with the lew, dated 26 May 1951, on author-
ization of the government to issue decrees having the force of laws (Dziennik
Ustaw Rzeczypospolite j Polskiej, No 10, Item 235), the rouncil nf Minigters
decrees and the Ccuncil of Siate confirms the folloving:

Article 1. Paragraph 1. The Councill of Minlsters may, on the recommendation
of the Minister of National Defense, declara certain areas as particularly impor-
tant for national defense, may limit the rights of ~wnership, possession, use,
and benefit from real estate, may restrict visits or residence therein, and may
restrict specific activities such as surveying, topographic study, photography,
peddling, taxi service, or other enterpreneurial rervices, etc,

Paragraph 2. The area in every casz will be determined in detail by
the Council of Ministers, which will alsc specify the restricticns which are to
be enforced in thie region, and whether geseral and specifie dwelling regula-
tions apply. The council is to issue repulations  concerning construction or
alteration of buildings in fortified and reinforced areas.

Article 2. Paragraph 1. Whoever suffers actual loss because of the laws on
real estate or any laws affecting real estate because of iimitations mentioned in
Article 1 or because of being fortidden permission to disckarge these rights is
entitled to indemnity from the stste.

Paragraph 2. The right to receive indemnity does not apply to those who
at the time the restrictions were put 1in force in accordance with the present
decree had already been subject to these conditions because of previocusly exis-
ting regulations limiting rights perteining to real estate.

Paragraph 3. The right to indemnity expires after the lapse of 3 years
from the moment that the restrictions are effective or from the time of the
legalization of the limitation.
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Paragraph k. The Council of Ministers will issue a directive on the com-
petence of authorities, the principles of determining and paying indemnity, and
procedure.

Article 3. The Council of Ministers will define the principles of coopera-
! tion of interested state authorities in executing this decree and will legalize
the relations of these authorities to the population in areas acknowledged as
particularly important for national defense.

Article 4, Existing restrictiont on the basis of previous regulations on
fortified and reinforced areas remain in force until regulations mentioned in
Article 1 are issued for these areas.

Article 5. Up to the time regulations mentioned in Article 2, Paragraph b,
are In force, regulations in effect heretofore will apply to claims for indemni-
ties on the basis of restrictions mentioned in Article L.

Article 6. The Council of Ministers may, on the recommendation of the
Minister of National Defense, modify the limitations on rights in fortified and
reinforced areas (Article L) and restrictions introduced on the basis of
Article 1.

Article 7. The Council of Ministers will specify the manner in which the
population in an a™ea considered particularly important for national defense is
to be informed or Imitations which are to be introduced or modified and on the
legal relationship between the state authorities and the population in these areas.

Article 8. Whoever infringes upon regulations issued in accordance with
this decree or fails to comply with the orders of the authorities ordered to
enforce this decree is liable to 3-month imprisomment or a 4,500-z1cty fine, or
both.

Paragraph 2. The sentence is imposed according to criminal administia-
tive procedure.

Article 9. This decree supersedes the following:
Parograph 1. The directive of the President of the Republic, dated

10 July 1927, on designating certain areas and localities as fortified or
reinforced areas (Dzliennik Ustaw Rzeczypospolite J Polskiej, No 55, Item L8B3),

Paragraph 2. The law, dated 2B January 1932, on the legal relations
in fortified and relnforced areus (Dziennik Ustaw Rzeczypospolites Polskie§,
No 19, Item 124), and

Paragraph 3. All legal regulations pasaed by {ormer occupation author-
ities pertaining to fortresses and fortifications.

Article 10. The Chairman of the Council Ministers, the Minister of National
Defense, and other interested ministers sre committed to execute this decree.

Article 11. The decree of 6 September 195) becomes effective on the day of
its publication.

B, Blerut, Fresident of the Republic
J. Cyrankiewicz, Chairman of the Council of Ministers
K. Rokossovskiy, Minister of National Defense
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Yu. V. Baymakov, L. M. Yevlannikov
Leningrad Polytechnic Institute imeni M. I. Kalinin
Submitted 11 April 1950

[Figures referred to are appended./

The diversity of the electrochemicsl properties"of zickel has taken the
attention of many electrochemigts. Independent of the character of solution
and gaseous medium, the values of 1ts potential vary from -0.b to+ 0.30 v.
Haring and Bousche [ ]J produced data on projects comnected with numerous
gttempts at dstermining the normal potential of nickel. ‘However, no one has
ralsed a question concerning the relation of potential td the nature of the
wetal. This problem was placed before the suthors during & study of the poten-
tials of very pure nickel.

Electrolytic nickel obtained from soluticns thoroughly purified of copper, F
cobalt, and iron was used in the investigation. The metal obtained did pot
produce & qualitative reaction on copper, iron (ether extraction after the
addition of ammonium rhodanide), or cobalt (Pogel's reaction). The metal con-
tained 0.0025¢ sulfur. STAT

_

The precipitate of electrolytic nickel consisted of fibrous crystals
situated perpendicular to the plane of the electrode, Average crystal 1le: STAT
vas 0.02 wm; cross-section size was 0.0015 mm (Figure 1)
[ __| During heating of the
electrolytic nickel, starting at T00° C, recrystallization occurs and, at
.1,200° C, ends with the

netal recrysiallizes In grains of froa 0.0k to 0.3 mm cross section , and twinned
formations are found, sttesting to the presence in the original metal of inter-
nal stresses, removed by heating.
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Heating of the nickel samples was conducted in & vacuum furnace. The

furnace was equipped with & device which allowved determination of the rate of —ll
hydrogen elimination relative to incremse in the heating temperature [27. e
At a temperature of 450° C there vas observed the first maximum of the hydrogen ‘.&
elimination rate, with the second occurring st 1,100° C. " .
. ‘T . i
, The total amount of hydrogen separated wag equal to 0.018 mole per mole -0 i
of nickel (1.8 mol %), vith the quantity of hydrogen separated at 4500 equal re
to 0.4 mol %. ) ]
L] i

Y Thus, electrolytic nickel might be said to contain hydrogen of two cate-
gories, with separation of the second portion of hydrogen beginning at a
temperature determined to be of the order of 700° , and reaching & maxiumum at
1,100°. No matter how long the Sampl2s were burned, secondary elimination of RS
bydrogen was not observed at a lover temperature (say 600°). .

Nickel heated in vacuo may be reimpregnated with hydrogen by prolonged
cethode polarization of the metal in & suifuric scid solution. The heating of
nickel which has been reimpregnated with hydrogen is accompanied by separation
of the hydrogen; but on & graph of the separation rate y @ maximum 18 observed
only st 450-500°. The second maximum is not observed.

From this point on we shall designate the original precipitate of the
metal as "electrolytic,” and that heat treated in vacuo as "metallurgical."
In sddition, ve shall deslgnate the hsirogen released at 400-500° as hydrogen
No 1, and that released at 700 to 1,200° as No 2.

M. S. Beletskly took Debye roentgenograms of samples of electrolytic and
metallurgical nickel. The electrolytic nickel hes a face-centered cubic lat-
tice with spaces, &, equal to 3.50 A. The roentgenogram of electrolytic nickel
does not have clear lines; they are blurred. The roentgenogram of metallurgl-
cal nickel showe an equal to 3.490 A, and the lines are clear.

The roentgenogrem of metallurgical nickel reimpregnated with hydrogen has
clear lines and, by its indexes, corresponds fully with metallurgical nickel
{a= 3.430 4). There are in the literature indicatious that nickel mey sbsorb
from h to 3,400 volumes of hydrogen. This diversity of data is probably at-
tributable to different conditions of impregnating the nickel with hydrogen,
and to the variety of methods used in determining ite content in the metal.
It 18 further indicated that by reduction of an ether solution of nickel chlo-
ride vith magnesium phenylbromide, nickel hydrides of composition llixh and
NiH, are obtained [3_ 7. It can be seen from the date which we have obtained
that electrolytic nickel contains hydrogen Ko 1 weakly bonded with the crystal
lattice of the metal and having no effect on the lattice parameters, and hy-
drogen No 2, strongly bonded with the metal lattice and influencing its para-
meters. It is difficult to explain the presence of a hydride. It is possible
to assume that pert of the hydrogen occurs Ln the form of an «tomic solution;
the other part enters into the composition of the crystal lattice in the form
of & chemical compound or solid solution of penetration. It is most probable h
that the generation of a stable solid solution of hydrogen No 2 in the nickel
with an altered crystal lattice is possible only in the cage of coincident re-
lease of nickel and hydrogen at the cathode. Cathodic impregnation of metal-
lurgical nickel with hydrogen produces only &n atomic solution of hydrogen No
1 in nickel,

Electrochemical Properties of Electrolytic Nickel

Measurenents were taken of the potentials of nickel in the static state,
and also in the process of anodic polarization of the metal. The measurements
of static potentials were conducted at a constant tempersture in normal solu-
tions of chemically pure nickel sulfate.
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Measurements of the potentials during anodic polarization were conducted
by the method of direct reading of the potential on the scale of & galvano~
meter with very high resistance. A schematic diagram of the apparatus used
is shown in Figure 3. The ratio of the current in the circuit feeding the
electrolysis cell through the voltage divider to the current used by the cir-
cult, which includes the calomel electrode and galvmggeter »- VB8 qui_ge large.
The current spplied on the electrode varied from 1-10-0 4o 2,000°1070 A/sq cm.
The ‘current in the measuring circult varied from 4-10-9 to 200-10-9 A, The
galvanometer wvas graduated in emf values by the compensation method ; however,
the meagurement of potentials by this method was impossible in view of their
rapld change. It was this fact which accounted for the use of the high-
resistance galvanometer.

Potentisls of Electrolytic Nickel in a Hydrogen Mediun

Measurenents were conducted in a solution of chemically pure nickel sul-
fate (no chlorine ion content) with various hydrogen ion concentrations , &t
- constant temperature. Hydrogen gas, containing no sulfur and thoroughly puri-
fied of oxygen, wes passed continuously through the vessel.

The potential was stabilized over a period of several tens of minutes.
The results are shown in Figure 4. Tt is seen that the potential of electro-
lytic nickel depends on the pH value; and with & pH value between 2 and 6 this
dependence is expressed by the equation:

€)= —0.012+ 0,058 1g /H'7. ' (1)

With pH values from O to 2 the potential values do not conform to this
dependence. It is seen on the graph that the values for the nickel potentials
coincide vith the poteatial values of the hydrogen electrode in the pH range
from 2 to 6. Thus, the nickel, in that pH interval, appears as the hydrogen
electrode. It ceases this behavior at pH values below 2. On the same graph,
there appear the potentials for samples of electrolytic nickel which wvere
heated in a hydrogen medium to & temperature of 450 and 650° C. It is seen
here that the values obtained are more electropositive, tending avay from &
linear dependence. The obaervations made allov examination of the potential
formed on the nickel as & coupromise caused by a complex of reactions:

BB+ O ... @, (2)
Mo Mt+42g . gy (3)
o1 ...y (k)
Nt Y426 B ... Q. (5)

The quantities from #’l to ¢y correspond to the rates of the reections.

The rates of the exchange reaztions may be expressed as exponential de-
pendences on the energy-of-activation values /4 7.

F
)=k op a.l%il__ .
$y = k) exp éé"_;iff, ,
(6)
—k - '0(345317'
b3 3Zi_/ exp T
— k /F1*7 exp Buday2F
&, = L8 R
- 3 -
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It ie apperent from the dats presented that for electrolytic nickel in the
DE interval from 2 to 6, the quantitles ¢, to ), sre practically equal to zero.

Therefore, the compromise potential on nickel in & hydrogen medium is determined
by the equivalence:

f1= g3, ' (n

Under conditions when only the hydrogen ion participates in the exchange
reaction, the value of the compromise potential in the equilibrium state may be
expressed 88 £y x=Ag)==A g 7, USing the values from (6) in (7). Using loga-
rithwe, (7) is then solved f;om £)y; taking into consideration that o) +a3=1,
we obtain .

K
fx= ¥ in 5 +0.058 1g /A7 (8)

¥hich coincides with expression (1), derived from the experimental dats. TIn the
given case, £, 1s equal to the equilibrium hydrogen potential on nickel.

In the case vhen only nickel ioms participate in the exchange reaction,

the expression for the potential is derived from the condition, $p = ) and
assumes the value of the equilibrium nickel electrode:
R k,
ex = BF 1n gL+ 55 1n [i1r?] (9)

With pH < 2 in the hydrogen medium, and for heat-treated nickel, over a
vider pH range, deviations from the relationship in (B8) are observed. Not only
reactions (1) and (3), but also (2) and (i) participate in the exchange; hovever,
P ok $3; P24 QU i.e., nickel ions may transfer into the solution, while
hy&rogen is partinliy Teleased from the solution. In this cese, the value for
the compromise potentisl must lie between the extremes expressed by equations

(6) and {9). The value of the compromise potential is derived from the condi-
tion:

@+ Pa= O34 Q. (10)
. An expression for the compromise potential Ex may be obtained in the fol-
loving manner: substitute in expression {10) the values of ®1) -+« @) from

(6), broken down into series. Substitute the quantity Aeye gy — 8y, vhere .
is the equilibrium potential for the given electrochemical reaction’ P

These values are substituted in the expression obtained which 1s solved
for Ek-

H Ni

Expressions for £ and sp

are introduced into the resulting expression.
Thege expressions ove: '

RT
Ni Ni 2
eft = e§i+F 1 A1)
(11)
B— B RT 1n /H¥
. ep = EotF ML
where gg =0, since it i8 the normal potential of hydrogen on nickel.

The final expression is:
£y = Aeh—4-Behl 4 A ¥ 1n /E¥+ B 5p 1n /M%7 +
+(a+B) F (kg [EF+ du, [F1rT).

k-

RESTRICTED

RESTRICTED

Sanitized ‘Copy Approved for Release 2011/10/18 : CIA-RDP80-00809A000700030626-2



\ 1

Sanitize Copy Aproved for Release 2011/10/18 : CIA-RDP80-00809A000700030626-2

‘ r

‘ Bwen

The constants A and B are more. complex expressions in which the constents
and coefficients, respectively, from the expressions (6) are incorporated, In
the cage of the abgence of exchange reactions by the nickel ions, the values of
P, and @) &re equal to zero. Expression (12) 1s converted into an equation
&nalogous vwith expression (8). :

Expression (12) is & second-order equation. As the values for ¢o and
D), increase, the iteums pertaining to nickel increase ; Vhile the values of Ex
for different pH :depart more and wore from the values obtained from expressions
(8) and (1). This is quite &pparent from the dats shovn in Figure 4.

Potential of Electrolytic Nickel in Presence of Atmospheric Oxygen

An electrode of electrolytic nickel was immersed in & solution of chemi-
cally pure nickel sulfate. The potential was measured periodically, The re-
Sults are shown on the graph (Figure 5). The time 1s plotted on the sbscissa
axis in logarithmic scale.

The potential remains at 0.02-0.03 v for a period of 1,000 minutes, then
< rises to 0.18-0.19 v; and this period of stabilization continues for from 200
to 670 kbr. Following this, there is another rige in potential, with subsequent
stabilization up to 0.26-0.28 v. .
In the given case, the picture of the electrochemical reactions vhich de-
termine the value of the compromise potential is complicated by the fact that
oxygen was dissclved in the electrolyte, ’

It is possible to assume the existence of electrochemical reactions which
determinge the exchange , &8 follows:

H-H"4+0 ... o1,

B B +20... 0y

B+ 60— 8. g,

’

Fit*4 26 —N1 ... oy,

0,7+ 26,0 + 2 S —»H,0,, + 208
Ozt 2H+4- L ©— 20H- ®s
+*
02+ 274 202850
Stabilization of the potential 15 possible under the condition:

P1 Fd2= &3+ Gy + D,

In the first period of formation of the electrode, the high rate of forma-
tion of hydrogen ions @l compensates the quantity of hydroxyl ions formed.
The demand in hydrogen ions for reactions involving the utilization of oxygen
and hydrogen peroxide is undoubtedly great, and the value of ¢5 » expresged in
coulombs, ie indisputably comsiderable. This initial period of the "neutrall-
zation" of the reactioa products from the reduction of the oxygen by the hydro-
gen lone formed most probably 1s characterized by & compromise potential funda-
mentally deterained by the equivalance:

O+ 02 @5,
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Regctions corresponding to the exchange of @5 and @), take place to the .
extent dictated by a monomoleculqr layer of oxygen on the nickel, The reaction "ﬂlll
of @3 lssuppressed by the @5 reaction complex, _

By measufe of the expenditure of electrochemically mctive hydrogen in the &
electrolytic nickel, compensation of the reaction products with respect to Ps5 _i '
; bl

is disturbed. The excess OH™ causes & film of Hi(OH)2 to form, hindering the

course of the reactions @, and @, !-'.

. -'5‘

The ebsolute valu=s of the sums O+ = ¢.+ + drop. The ex- s

change is eccomplished at the sxpense of @1°§nd a3, o bue 2 side, and @ .
on the other. There is established a compromise potential close to the equi- B o
1ibrium potential of the oxygen-reduction reaction, o

f’: Finally, terminal passivity of the metkl sets in with a considerable re- o
duction of exchsnge current and the establishment of a potential close to the
resction complex (5).

Extrersly interesting with respect to the characteristic of the nickel
potential is 1ts dependence on PH value. The experiment proceeded asg follows:
A nickel electrode was immersed in @ solution of NiS0y with pH equal to 6. The
stabilizing potential was measured. The solution was then poured into a vesgel
and replaced by a sulfate solution of PH value 4, measurement was mage of sta-
bilizing potential, etc, It was estatlished that at pH values from 6 to 2.3,
the stabilizing potential is +0.20 to +0.22 v. At a PH of 2,31, there occurs
& sharp drop in stabilizing potential, to -+ 0.0Y,

Figure 6 shows values for the PH range from 3.23 to 2.00. This interest-
ing phenotienon may be explained &5 followe: In the PH interval between 6 and
2.hl, the concentration of hydrogen ions is inadequate to compensate the forma-
tion of hydroxyl ioms in the second and third stage of potential stabilization
(Figure 5), and prevent the formation of stable passive films on the nickel.

At a pH value of 2.31, and below, the amount of hydrogen ione increages to a
point vhere the quantity of OH- is compensated by an excess of H+, and passivity
of the nickel 18 determined by & molecular layer of oxygen. The potential is
determined as & compromise potential of the reactions N{ o> Ni**+42 @ and

B=E g,

Anodic Polarization of Electrolytic Nickel

An electrode of electrolytic nickel was subjected to anodic polarization
with continuous messurement of the potential at the electrode. Meagurements
vere made with the use of the clrcuit shown in Figure 3.

The results are shown in Figure 7. With a PH in the solution of from 6 to
2, pessivity of the metal is observed at 8light current values. Anodic dis-
solving of the nickel is encountered ouly at & pH o2 1,16, but with a current
of about 0.05 mwA/sq cm, it 16 paseivated and the potential at the anode in-
creases to values corresponding to hydroxyl-ion discharge.

The behavior of electrolytic rickel shows up particularly well from an
anslysis of the curves of variation in current and potential recorded on a time
scale (Figure 8). The potential value of O.10 v increases tg & value of 0.30 v,
At the same time, tbe current increasses to & value of 13°10°° A, A drop in
current value to 2-3°10° A then sets in, during which time the potential value
continues to increase. At a potential value corresponding to mass hydroxyl dis-
charge, the curve showing current values starts to climb.

Consequently, the greatest slowing down in the reaction of nickel-ion forma-
tion 1s observed during the anodic polarization of electrolytic nickel.

-6 -
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Electrochemical Properties of Metsllurgical Nickel; Measurement of Pogentials
in a Hydrogen-Saturated Medium

The potentials of metallurgical nickel were measured in a 1IN solution of

chemically pure nickel sulfate. On the basis of the data obteined, & curve vas ,;‘r
plotted for the potential dependence on pH (Figure 9). In the same figure, there g

are presented for comparison the potential values for electrolytic nickel meas- RN
ured under the same conditions. It is evident from a comparison of the data v

that the relationship found here does not correspond to equation (8), and is one 2

of the solutions of equation (12) for & compromise potential, i.e., in the given i
case, there are real values for the rates of ®, and Oy at all pH values. ‘

Measurement of Potentiels of Metallurgicel Nickel in Solutions Satwated With
Alr

The potential of metallurgical nickel in & 1N solution of nickel sulfate
vas established for a period of several hours within the limits of the values
0.18-0.28 v, dependent on pH (Figure 10).

It should be noted that in the transition of pH values from 2.5 to 2.0, &
, 6harp change in potential was not observed. Such & change was observed, how-
ever, in the case of electrxolytic nickel. This 1s most probably attributable
to the fact that in the combination of the electrochemical reactions (2), (3),
(%), (5), reaction (2) 1s, practically, absent, and the value of & 2 is con-
siderably higher, since reaction (3) is the basic compensator of charges, which
compensator 1s required by the system of reactions (3).

Anodic Polarization of Metallurgical Nickel

The experiments were conducted under conditions analogous to those pre-
vailing in the study of electrolytic nickel. The datk are shown in Figure 11.
With a pH of 6.2, passivity sets in at 2.0 mA/8q cm. With lower pH values, pee-
sivity sets in at 15-80 mA/8q cm. Consequently, metallurgicel nickel is con-
siderably more active then electrolytic nickel. It is interesting to note that
this unexpected passivity sets in, in all cases,at an anode potential close to
0.30 v. such a potential value may be obtained in the case of the polarization
of electrolytic nickel at & current of 10-15 10-6 A/8q cm, and in the case of
metallurgical nickel, at 2,500-80,003°10°° A,sg ca.

Ancdic Polarization of Metmllurgical Nickel Reimpregnated With Hydrogen

The data are presented in Figure 12 and show that with reimpregnation by
hydrogen, the activity of metallurgical nickel is preserved.

Nature of Hydrogen in Nickel and Ite Effect on Electrochemjcal Properties

A comparison of the amount of hydrogen in the metal--the hydrogen being
contained in two formg-—with roentgenographic data leads to the conclusion
that the hydrogen weakly bonded with the metal and separable &t & low tempera-
ture is adsorbed hydrogen or an atomic solution of hydrogen in the metal. This
form of hydrogen has no effect on the character of the crystal lattice of the
metal and no effect on the electrochemical properties of the nickel, Metallur-
gical nickel retains & high activity regardless of its content of that form of
hydrogen.

An equation deduced by A. §. Frumkin connects the exchange-current value
with the polarization value:

RT i

A= 22 2 .
oF  iexch
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When examining the curves for the dependence of potential on current den-
8ity, which curves evolved during the anodic dissolving of metallurgical nickel
(Figures lé and 12), 1t is seen thet, a8 the current increases from zero to
15,000°10"°A, the anode potential is changed by 0.05-0.2 v, During the anodic
aissolving of electrolytic nigkel, the potential changes by 0.2 v as the current
is varied from zerc to 1510°C 2 (Figure 7).

Thus, despite the fact that the potential of metallurgical nickel 18 dis-
-placed from the equilibrium normkl--0.23 v, to & value of 0.1 v, due to the
presence of & molecular layer of OXygen, we nevertheless establish the presence
of high exchange currents because of the reactions (3)-(5).

On the other hand, electrolytic nickel is characterized by very small ex-
. change currents (even at low pH values),

Electrolytic nickel contains the firgt form of hydrogen; bLut, in addition,
it contains hydrogen in & form which distorts the crystal lattice of the metal
and, as is seen from the data presented, changes the electrochenical properties
of the nickel, making it more passive . The character of the lattice distortion
leads to the assumption that with the introduction of protons into the lattice,
& solid solution is formed with collectivization of the valence electrons, but
vith an increased charge density around the protons. The high pessivity of the
¢lectrolytic nickel may be explained by the fact that the protons in the cry-
stal lattice set up electric fields on the surface of the crystals, vhich fields
are stronger than those formed by the nickel ions. These fields are conducive
to the formation of a demser binary electric layer with oxygen atoms or hy-
droxyls, which layer obstructs the cxchange reactions &nd increases polariza-
tion during the process of nickel-ion formation.

The picture would then appear as follows: 1In the process of discharge at
the cathode, cations of nickel enter into the crystal lattice of the metal co-
inciuentally with the discharge of hydrogen cationg. The hydrogen cations re-
leased from the hydrate envelopes are protons vith @& radius of the order of
1°10713 ca.  One portion of the protons ie adsorbed by the surface of the nickel
crystal, is neutralized by electrons, and forms atoms which are partially dis-
solved in the metal or form molecules  The other portion of the protone snters
into the crystal lattice along with nickel ions and forms a solid sclution of
penetration.

In the practical utiiization of nickel, it was noted that metallurgical -
nickel corrodes noticeably under conditions in which & precipitate of electro-
lytic nickel shows absolutely no corrosion. This difference of electrochemical
properties in metallurgical and electrolytic nickel becomes explicable in the
light of the data obtained. '

Conclusions

1. Electrolytic nickel was anklyzed for hydrogen. It was shown ghat part
of the hydrogen separates out at 400-500°, the other part at 700-1,000°C,

2. It was shown that netallurgical nickel from which the hydrogen hed been
separated may be reimpregnated with hydrogen by the cathodic polarization method.
However, hydrogen introduced into the nickel separates out at L00-500°C.

3. Roentgenograms of electrolytic and metallurgical nickel were studied.
The roentgenogram cf electrolytic nickel shows the presence of a solid solution

of varieble composition, while that of metallurgical nickel, by the charaecter
of the lines, coincides with data derived from roentgenograms of pure nickel.
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4. Data from the study of the electrode potentiale show that electro-
lytic nickel is distinguished by high passivity, while metallurgical nickel is
more active.

5. Assumptions are stated regarding the formation of a solution of atomic
hydrogen in nickel which does not influence the reduction electrochemical acti-
vity in the metal, and regarding the formation of a solid solution of penetration
4in vhich hydrogen occurs in the form of protons. This type of solid solution
occasions the high degree of passivity.
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Figire 3. Apparatus Used for Measurement
of Poténtials: l-storege battery;
2-revolving rheochord; 3-rpm re-
ducer; h-electric motor; 5-galvano-

meter; 6-multiflex galvancmeter; 7-

- sﬁpplggentary resistances: 0.5-10°0,
1.0-109, 2.0:10%0); B-five-stage

- potentiometer; 9-calomel comparison
electrode with saturated KCl; 10-

* intermediete vessels; ll-electro-
lytic fouatains; l2-test electrode;
13-auxiliary electrode. '
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dium: 1l-pickel treated - P
with Hp at 200C; 2-nickel - ~
treated with Hp at 450°C; T R
3-pickel treated with Hp
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potential of Ny at 209,
calculated by formula
(1); 5-equilibrium poten-
tial of h}"drogen electrode
at 20°¢C.
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[P - —- Testing: l-pure electro-
4 i y % 7 < lytic nickel (sample No
29 min 1); 2-same (sample Ko 2).
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Figure 6. Potentials on Electrolytic Nickel Relative to Electrolyte pH
‘‘and Time of Testing

) +°f
. Ay ani d
m,iy- M : ,
e &
. !
p:
- 4 : P |
3 4
. i Ep l
’Iz ‘r 0108 | ’:‘ 4
@ g p 2
o Z
31:: ‘ !
LH !
25 h ' Ty
, K muﬁr
y r /’
o o5 0 15 £ imvolts 0 2 4 ® @

Fire taren i

Figure 7. Anode Potentials During Folari- Figure 8. Effect of the Degree of

zation of Electrolytic .Nickel. Polarization of the
1-pH, 6.28; 2.pH, 3.98; 3-pH, Electrolytic Nickel
3.24; 4.pH, 2.18; 5-pE, 1.16. olytic Nickel on
’ ’ ! ’ Anode Potential and
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Figure 9. 1l-equilibrium potentials of hydrogen electrode
at 20°C; 2-potentizls on electrolytic nickel
in & hydrogen medium at 20°C; potentials on
me‘gallurgical nickel in a hydrogen medium at
20°C.
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Electrolytic Nickel Relative
0 to Electrolyte pH and Time
of Testing: 1-pH, 6.58_; 2-
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Figure 12. 1l-metallurgical nickel
treated in hydrogen atmos-
phere at 200C for 24 hr;
2-nickel treated with hy-
drogen at cathode in solu-
tion of 1N —H,S0)+ L4og/1
K580y, for 1,400 hr; 3-
nickel catuode-treated
! with hydrogen in same
electrolyte in hydrogen
atmosphere for 60 hr; k-

nickel not treated with
i hydrogen . '
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